Introduction: Brugada syndrome is a hereditary arrhythmia characterized by a specific electrocardiographic pattern and an increased risk of sudden cardiac death, with an apparent absence of structural abnormalities or ischemic heart disease. To date, mutations in the sodium channel, voltage-gated, type V, alpha subunit gene and glycerol-3-phosphate dehydrogenase 1-like gene are estimated to account for approximately 28% of Brugada syndrome probands.
Introduction
Brugada syndrome (BrS) is a hereditary arrhythmia characterized by a specific electrocardiographic (ECG) pattern and an increased risk of sudden cardiac death, with an apparent absence of structural abnormalities or ischemic heart disease. BrS has a worldwide prevalence of 1 in 2000 individuals and an autosomal dominant inheritance pattern with incomplete penetrance. The syndrome generally affects young adult men, and the first clinical symptoms normally occur at the age of approximately 40 years [1] .
A definitive diagnosis of BrS is made when a type 1 Brugada ECG pattern (abbreviated as BrS-ECG+) is observed in more than one right precordial lead (V1 to V3) in the presence or absence of a sodium channel blocking agent, together with one of the following conditions: documented ventricular fibrillation, polymorphic ventricular tachycardia, family history of sudden death at an age younger than 45 years, presence of a BrS-ECG+ in family members, and inducibility of ventricular arrhythmia with programmed electrical stimulation, syncope, or nocturnal agonal respiration [2] .
BrS is a disease with a strong genetic basis. Mutations in the sodium channel, voltage-gated, type V, alpha subunit (SCN5A) gene leading to a loss of function of the cardiac sodium channel by different mechanisms is the most common genotype found among patients with BrS. In addition to SCN5A alterations, mutations in the glycerol-3-phosphate dehydrogenase 1-like (GPD1L) gene cause abnormal trafficking of the cardiac sodium channel to the cell surface and a reduction of approximately 50% of the inward sodium current. To date, mutations in the SCN5A and GPD1L genes are estimated to account for approximately 18% to 30% and 11% to 12% of BrS probands, respectively; the prevalence of variants in other disease-related genes (such as CACNA1C, CACNB2, SCN1B, KCNE3, SCN3B, and HCN4) is yet unknown [3] .
We report the case of a patient who is SCN5A and GPD1L mutation-negative BrS-ECG+ and who has a history of high family mortality, including five sudden deaths among relatives of whom four were first-degree relatives. To the best of our knowledge, this is the first case report of a patient who has BrS with a history of sudden death in four first-degree family members.
Case presentation
A 32-year-old mixed-race Brazilian man presented at our clinic with worry and fear of dying, given the occurrence of five sudden deaths in his family ( Figure 1 ). The patient (A) reported that his grandmother (F), his father (E), and three of his six brothers (B, C, and D) had suddenly died in their sleep at the age of 35 years, 50 years, 3 months, 36 years, and 38 years, respectively.
In the evaluation of the patient and his brothers (G, H, and I), underlying structural heart disease was ruled out by results of echocardiography, chest roentgenogram, and exercise tests. In addition, acute ischemia and metabolic or electrolyte disturbances were ruled out by laboratory test results. However, the patient's ECG result revealed spontaneous ST segment elevation in the right V1, V2, and V3 precordial leads, indicating a diagnosis of BrS (Figure 2 ), whereas his brothers (G, H, and I) presented normal spontaneous ECG results. The patient's brothers refused to undergo an electrophysiological study with programmed ventricular stimulation; hence, it is possible that we have underestimated the frequency of BrS within the family.
On the basis of the patient's ECG pattern and the knowledge of sudden death in five family members, risk stratification was performed, and according to the recommendation of the Brazilian Society of Cardiology guidelines regarding implantable electronic cardiac devices, an implantable cardioverter-defibrillator (ICD) was implanted [4] . During the 4-year follow-up period, the patient remained asymptomatic. Informed consent was obtained for mutation analysis of coding regions and splice junctions of the SCN5A and GPD1L genes.
Genomic deoxyribonucleic acid (DNA) was extracted from the patient's peripheral blood leukocytes using standard protocols. The entire coding region and intronexon boundaries of both genes were amplified by polymerase chain reaction, using intronic primers designed by our group from the genomic sequences of SCN5A (28 exons, accession number NG_008934.1) and GPD1L (8 exons, accession number NG_023375.1; Table 1), followed by bidirectional sequencing of amplicons using the BigDye We were unable to identify any causative mutation in the coding regions and intron-exon boundaries of the SCN5A and GPD1L genes. However, we identified four commonly known polymorphisms that comprised two synonymous (SCN5A D1819D and GPD1L D136D), one nonsynonymous (SCN5A H558R), and one splicing donor site of the intron 9-exon 10 boundary of SCN5A (IVS9-3C>A). All of these polymorphisms are heterozygous nucleotide changes ( Figure 3 ).
Discussion
BrS is a disease characterized by sudden cardiac death, typically occurring during sleep, in relatively young individuals. However, BrS has also been demonstrated in children and infants as young as 2 days and may serve as a pathogenic basis for some cases of sudden infant death syndrome. Therefore, ECG diagnosis and adequate clinical management of patients are of fundamental importance for the prevention of catastrophic events and risk stratification [5] .
We present a clinical case of a patient who is mutation-negative BrS-ECG+ and who has a family history of high mortality, including five sudden deaths among relatives of whom four were first-degree relatives. The patient reported that his grandmother, father, and three of his six brothers had died suddenly in their sleep at the age of 35 years, 50 years, 3 months, 36 years, and 38 years, respectively. To the best of our knowledge, this is the first case report of a patient who has BrS with a history of sudden death in four first-degree family members. Studies reporting sudden deaths of one first-degree relative of patients with BrS are common; however, the number of reports of sudden deaths of first-degree relatives within a family decreases with the increase in number of sudden deaths within a family. García-Castro et al. [6] , for example, reported the case of a 40-year-old man who was BrS-ECG+ whose mother and a son had died suddenly at 52 and 20 years of age, respectively. The SCN5A coding region and intron-exon boundaries sequencing revealed that this patient harbored an intronic mutation (IVS18-1G>A) that would affect ribonucleic acid (RNA) processing, eliminating exon 19 of the messenger RNA (mRNA) [6] .
An ICD was implanted in our patient, and during the four years of follow-up, no arrhythmic event was registered. In a large meta-analysis involving 1545 BrS patients, Gehi et al. [7] reported that the risk of an event was increased (p<0.001) among patients with a history of syncope or sudden cardiac death during the follow-up period (relative risk, 3.24; 95% confidence interval [CI], 2.13 to 4.93). However, the risk of combined events during the follow-up period was higher in men who exhibited a spontaneous BrS-ECG+ than in those with a drug-induced BrS-ECG+ (4.65-and 3.47-fold, respectively). Moreover, 62% patients who recovered from an aborted sudden death event have the risk of a new arrhythmic event in the following 54 months, justifying the need for an ICD in these patients, irrespective of the presence of other risk factors [2] .
Whereas the prevalence of GPD1L mutations is estimated to be 11% to 12%, SCN5A mutations are found in 18% to 30% of BrS patients, and these variations currently represent the most common BrS genotype [3] . To date, approximately 300 mutations in the SCN5A gene have been described in association with BrS. Six other genes (CACNA1C, CACNB2, SCN1B, KCNE3, SCN3B, and HCN4) have been associated with BrS, but the prevalence of variants in these genes is yet unknown [8] .
To investigate the association between the occurrence of a BrS-ECG+ and carriership of a SCN5A mutation, Probst et al. [9] studied 13 families with a BrS-ECG+ in whom at least five family members carried the familial SCN5A mutation. However, a BrS-ECG+ was only found in 18% of the mutation carriers at baseline and in 61% after drug testing. Conversely, eight individuals had a BrS-ECG+ but did not carry the familial mutation. Regarding GPD1L, Makiyama et al. [10] performed an extensive screening for the prevalence of GPD1L mutations in 80 probands with BrS. However, only one synonymous mutation (A155A) and one intronic variant (48-30T>C), which were not present in 220 control alleles, were identified. However, the existence of family members who were carriers of the mutation but remained asymptomatic and had a normal ECG result indicates that genetic studies are of limited usefulness for determining risk but remain helpful for diagnosis [6] .
As pointed out by Probst et al. [9] , there is no reason to believe that the subjects with BrS-ECG+, who do not carry the familial gene mutation, have no true BrS, especially when these patients present spontaneous BrS-ECG+ without other clinical abnormalities to explain the ECG aspect of BrS, as observed in the patient presented in this report. Alternate designation 6, numbering commonly used in the literature. The same reasoning applies to the remaining exons (8 to 29). 3 Several pairs of primers were synthesized to polymerase chain reaction-amplify exon SCN5A 29 owing to its large sizes.
This might point to the fact that loss-of-function mutations in SCN5A and GPD1L might not be sufficient to cause BrS but could act like a revelatory factor such as a sodium channel blocker challenge.
Because of its location close to the intron 9-exon 10 boundary, IVS9-3C>A could be directly functionally relevant because it could potentially induce alternative splicing. However, IVS9-3C>A and two synonymous common polymorphisms (SCN5A D1819D and GPD1L D136D) found in our patient have already been reported as polymorphisms without functional effects on the sodium channel [10] .
The nonsynonymous SCN5A H558R polymorphism is present in 20.4% to 32% of Caucasians, 29% of people of African descent, and 10.4% of the Chinese population [11] . This polymorphism seems to be a genetic modulator of BrS among carriers of a SCN5A mutation, in whom the presence of the less common allele G improves the ECG characteristics and clinical phenotype [12] . In the present study, we performed genomic sequencing of the entire coding regions and intron-exon boundaries of the SCN5A and GPD1L genes; however, we are not able to exclude the possibility of a mutation in the promoter regions of these genes, which may decrease the RNA transcription rate, or a mutation in its intronic regions, which may result in an alternative splice site that competes with the normal splice sites during mRNA processing. Besides, all the genes known to be involved in the occurrence of the BrS have not been sequenced. Therefore, it is also possible that other gene mutations are responsible for the family history of high mortality observed in our case.
Conclusion
In conclusion, we report a high mortality rate in the family of a patient who is mutation-negative BrS-ECG+; the patient's family has a history of sudden deaths during sleep. This reinforced the hypothesis that increased vagal tone increases the incidence of ventricular fibrillation. This case report reinforces the evidence that genetic studies are of limited use while determining risk but remain helpful for diagnosis, and that diagnosis via ECG is of great importance in preventing adverse events and stratifying risk. Although there are several technologically advanced diagnostic tools, they might not be accessible in small towns and hospitals; however, a basic diagnostic tool like ECG is easily accessible. Given the possibility of sudden cardiac death from BrS, the medical community must provide information about BrS to emergency physicians, as well as to clinicians and cardiologists, indicating the need to be aware of all possible diagnoses, irrespective of how unusual they may seem.
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